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Changes in the trophic status of waterbodies have been 
observed to affect the growth of fishes (Treasurer and Owen 
1991, Bayne et al. 1991, Bayne et al. 1992, Liu et al. 1994). 
In southern Africa, Tomasson and Allanson (1983) and 
Merron and Tomasson (1984) indicated that a depression 
of the trophic resource base in Lake Le Roux resulted in a 
cascading effect through the food web, ultimately resulting 
in decreased growth and production of the larger cyprinid 
species. Marshall (1978) and Cochrane (1985) showed that 
an increase in the trophic resource base, through eutroph-
ication, resulted in an increase in fish production in Lake 
Chivero, Zimbabwe, and Hartbeespoort Reservoir, South 
Africa, respectively. 
Fish production is directly influenced by fish growth, which 
depends largely on food availability, feeding rate and the 
nutritional value of the food ingested (Welcomme 2001). 
This highlights the importance of examining fish feeding 
to understand differences in growth between populations 
of a species. In theory, an increase in primary production, 
secondary production and food availability could decrease 
the energy costs associated with prey capture and so result 
in an increase in fish growth. 
The sharptooth catfish, Clarias gariepinus, is widely 
distributed in Africa (Skelton 2001) and in southern Africa is 
found in rivers, lakes, and large and small impoundments. 
It is an important species in artisanal and commercial 
catches (Clay 1977) and has aquaculture potential (Hecht 
et al. 1988). 
There have been many studies on the feeding and growth 
of this species in Southern Africa (e.g. Whitfield and Blaber 
1978, Bruton 1979a, Cochrane 1985) in study sites varying 
from large oligotrophic lakes (Bruton 1979a) to hypereu-
trophic reservoirs (Cochrane 1985). But growth and feeding 
have never been considered concurrently in contrasting 
systems. However, the high degree of diet flexibility (Bruton 
1979a) and variable growth (Bruton 1977) recognised in 
sharptooth catfish make it a suitable species to determine 
the influence of diet on growth. 
It is hypothesised that sharptooth catfish in a eutrophic 
system would exhibit faster growth due to the higher levels 
of primary production, secondary production and fish prey 
availability in such systems. To test this hypothesis, we 
compared the growth and feeding of sharptooth catfish in a 
eutrophic, and an oligotrophic, reservoir. 
Methods
Study sites
Kat River and Laing reservoirs in the Eastern Cape, South 
Africa, are similar in volume, surface area and mean depth 
(Table 1). The catchment of Laing Reservoir is substan-
tially larger than that of Kat River Reservoir and the soils 
and geology of the two catchments are different. The 
annual rainfall and evaporation in the catchments are 
similar and, in spite of differences in altitude, the tempera-
ture measurements taken on a monthly basis during the 
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sampling period showed that the two reservoirs have similar 
temperature regimes (Table 1). While there are significant 
(p < 0.01) differences in the conductivity of the water of the 
two reservoirs, their pH and turbidity are similar (Table 1). 
High nutrient loading from human, industrial and agricultural 
effluents in the catchment of Laing Reservoir has led to its 
eutrophication (Allanson et al. 1990).
General sampling
Sharptooth catfish were sampled on a monthly basis 
between November 1998 and October 2000 using gillnets 
and seine nets. Six 50 × 2 m multifilament gillnets with 
randomly-distributed 10 m panels of 44, 60, 75, 100 and 
144 mm stretched mesh were deployed at the same six 
sampling sites each month. Sites were selected using a 
random, stratified sampling strategy that incorporated a 
variety of habitat types (rocky, sandy and muddy substrates, 
as well as shallow and deep water). Gillnets were deployed 
between 16:00 and 19:00 and retrieved between 06:00 and 
09:00. Nets were checked for the first three hours after 
deployment and captured fish were removed for stomach 
content analysis. Fish captured in the nets on the following 
morning were excluded from the analysis. Fish total length 
and mass were measured to the nearest millimeter and 
gram, respectively. Reproductive maturity was assessed 
using the macroscopic staging criteria proposed by Bruton 
(1979b). The oesophagus and stomach, or their contents, 
were preserved in 10% formalin. The utricular otoliths were 
removed from all fish and stored for later age determination.
Stomach content analysis
In the laboratory, all prey organisms found in the stomachs 
or oesophagi were identified to the lowest possible taxon, 
dried to a constant mass at 60 °C, and weighed. To compare 
ontogenetic changes in the diets, fish were separated into 
three groups: small (<300 mm), medium (301–800 mm) and 
large (>801 mm) based on the sexual maturity of the fish. 
(Size at first maturity was 298 mm and 282 mm in Kat River 
and Laing reservoirs, respectively, and hence the small fish 
(<300 mm) represented immature individuals). The smallest 
immature fish were 773 mm and 732 mm in Kat River and 
Laing reservoirs, respectively, and thus all individuals greater 
than 800 mm were considered adults. 
The per cent numerical and dry mass contribution of each 
prey category in each size class was calculated, square-
root-transformed, and subjected to a Bray-Curtis similarity 
analysis (Bray and Curtis 1957) for comparison. The per 
cent similarity of prey between size classes and between 
fish from the two reservoirs was illustrated by way of 
dendograms and tested for differences using the analysis of 
similarity (ANOSIM) permutation test (Clark 1993, Clark and 
Warwick 1994). 
Samples of the dominant prey categories in each size 
class were collected from their respective environments 
and their protein content was determined using the micro 
Kjeldahl method. The protein composition of non-dominant 
food items was taken from the literature (Tacon 1990). 
Sand was considered to have no nutritional value and 
was disregarded. Differences between the dietary protein 
content of small, medium and large sharptooth catfish from 
the two reservoirs were tested using ANOVA. 
Food/prey availability 
To compare the relative abundances of small fish (i.e. the 
dominant catfish prey) in the reservoirs, three sites were 
selected in each reservoir — one at a river inlet, one with 
a sandy substrate and one with a muddy substrate — and 
these were sampled on a monthly basis with a 30 m × 2 m × 
10 mm mesh seine net. Due to the limitations of seine nets 
as sampling gear these sites were not positioned near rocky 
or deep water gillnet sampling sites. Since the maximum 
size of fish prey found in the stomachs of C. gariepinus was 
Kat River Reservoir Laing Reservoir 
Coordinates 32°33′59′′ S
26°46′08′′ E
32°57′32′′ S 
27°30′05′′ E
Altitude (m asl)1 750 310
Catchment size (km2)1 258 913
Utilisation1 Irrigation Potable supply, industry
Surface area when full (ha)1 214 211
Volume at full supply level (106 m)1 26.1 22.0
Mean depth (m)1 12.2 10.4
Maximum depth (m)1 48.0 30.0
Catchment geology2 Basic/mafic lavas Sedimentary rock
Catchment soils2 Sandy loams Clayey loams
Mean annual rainfall (mm)2 600–700 600–700
Human activities in catchment Subsistence farming Agriculture, industry, domestic
Mean annual evaporation (mm)2 1 500–1 600 1 400–1 500
Mean monthly temperature (°C) ± SD3 20.48 ± 5.2 20.30 ± 4.2
Mean monthly conductivity (μS cm–1) ± SD3 112.8 ± 47.4 513.4 ± 45.9
Mean monthly turbidity (FTUs) ± SD3 65.89 ± 15.7 74.07 ± 9.2
pH range3 7.1–8.1 7.2–9.4
Mean monthly chlorophyll a (μl–1) ± SD3 1.424 ± 2.93 8.409 ± 15.35
Trophic status4 Oligotrophic Eutrophic
Table 1: Environmental parameters of Kat River and Laing reservoirs. After 1: Noble and Hemens (1978), 2: Midgley et al. (1994), 3: Potts 
et al. (2006), 4: Toerien et al. (1975)
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200 mm, only fish up to that length were considered in the prey 
abundance estimates. Monthly zooplankton abundance was 
estimated using vertical plankton net (100 μm mesh) hauls at 
three pre-determined sites (reservoir wall, middle reaches and 
upper reaches) in each reservoir. Floating algal colonies were 
decanted (according to methods described by Seaman et al. 
1981) and the zooplankton was preserved in 5% formalin. In 
the laboratory the samples were filtered through pre-weighed 
gf6 glass fibre filter papers and dried to a constant mass at 
70 °C (Seaman et al. 1981). The filter was then reweighed 
and the biomass of zooplankton m–3 of water was calculated. 
Zoobenthos was also collected on a monthly basis at three 
different sites, from near the wall to the upper reaches of 
each reservoir, using a Peterson Grab, and preserved in 
5% formalin. In the laboratory, each sample was diluted with 
salt water (±50 g l–1), to increase the floatation of the benthic 
organisms from the substrate (Wetzel and Likens 2000), 
stirred, and the supernatant sieved through a 0.4 mm sieve. 
To ensure that all zoobenthos was collected, this process 
was repeated three times for each sample. The material was 
examined under a dissecting microscope and all zoobenthos 
was removed and stored in 5% formalin. The zoobenthic 
organisms were identified to family level, where possible, 
using the keys of Davies and Day (1998) and enumerated to 
be expressed as number of individuals per square metre.
Age and growth
The utricular otoliths were embedded in clear polyester 
casting resin and sectioned (0.4 mm) longitudinally through 
the nucleus with a double bladed, diamond-edged saw. The 
sections were mounted with DPX mountant onto glass slides 
and examined for growth zones on two occasions by the same 
reader under transmitted light using a dissecting microscope 
and variable magnification conditions. If the two readings 
concurred, the age estimate was accepted but, if they 
differed, a third reading was taken. If two of the three readings 
corresponded, the age estimate was accepted. If the three 
readings differed by two years, then the mean of the three 
estimates was taken as the fish’s age. If the three readings 
differed by more than two years the otolith was rejected. In 
order to validate the periodicity of zone formation the outer 
margins of the otoliths were examined. The optical appear-
ance of the outer margin (either opaque or translucent) was 
noted and expressed as a per cent of the monthly sample.
The von Bertalanffy growth model (Ricker 1975) was fitted 
to the estimated length-at-age data. The model was fitted 
using a downhill simplex search — a nonlinear minimisa-
tion routine to obtain parameter estimates for the selected 
growth model (Nelder and Mead 1965). Model fits were 
obtained by minimising the sum of the squared differences 
between the observed and predicted lengths at age. The 
non-parametric one-sample runs test was applied to test for 
residual randomness and the Bartlett’s test for homoscedas-
city (Zar 1974). Variance estimates were calculated using 
conditioned parametric bootstrap resampling (Efron 1982) 
with 1 000 bootstrap iterations. Standard errors and 95% 
confidence intervals were constructed from the bootstrap 
data using the percentile method (Buckland 1984). A likeli-
hood ratio test (Cerrato 1990) was used to compare growth 
model parameters between the two systems. 
Results
Stomach content analysis
Sharptooth catfish ranged from 79 to 1 221 mm TL and 209 
to 1 230 mm TL in Kat River and Laing reservoirs, respec-
tively (Figure 1). Forty per cent of the 210 fish stomachs 
from Kat River Reservoir were empty, while a significantly 
higher 73% of the 180 fish stomachs from Laing Reservoir 
were empty (χ2 = 47.27, p < 0.01). A total of 32, 54 and 40 
stomachs were analysed from small, medium and large 
fish in Kat River Reservoir, while 22, 8 and 19 stomachs 
were analysed from small, medium and large fish in Laing 
Reservoir. 
In both reservoirs the diet of small catfish was dominated 
by fish (gobies in Kat River, cyprinids in Laing Reservoir) in 
terms of mass, and numerically by zooplankton, whereas 
insects had the highest per cent frequency of occurrence 
(Table 2). In terms of mass, the composition of the diet of 
small fish (<300 mm) from both reservoirs (and of medium-
sized fish in Kat River Reservoir) had a similarity index of 
48.8%. The numerical composition of the diets of small fish 
was more similar, at 88.3% (Figure 2).
In terms of mass, the diet of medium-sized fish (301–
800 mm) was dominated by terrestrial plant material in 
Kat River and by crabs in Laing Reservoir. Numerically, 
zooplankton dominated the diet of medium-sized fish in 
Kat River Reservoir but was found in equal numbers to 
crabs, unidentified fish and terrestrial insects in Laing 
Reservoir. Insects had the highest per cent frequency of 
occurrence in the diet of Kat River Reservoir fish, while 
terrestrial plant matter and detritus had an equally high 
per cent frequency of occurrence in Laing Reservoir fish 
(Table 2). In terms of mass, the diet of medium-sized fish 
from Laing Reservoir  was an outlier, with a similarity 
index of only 23.6%, to the diets of all other sizes of fish 
in both reservoirs. Similarly, the numerical composition of 
the diet of medium-sized fish from Laing Reservoir had a 
similarity index of 22.9% to all other sizes of fish in both 
reservoirs (Figure 2).
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Figure 1: Length-frequency distribution of Clarias gariepinus 
examined for the feeding study from Kat River and Laing reservoirs 
between November 1998 and October 2000
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By mass, fish prey dominated the diets of the large catfish 
(>801 mm) in both reservoirs (Table 2). Zooplankton was 
numerically their dominant dietary item in both reservoirs, 
and fish prey also had the highest frequency of occurrence 
in both reservoirs (Table 2). In terms of mass, the composi-
tion of the diet of large fish from both reservoirs had a 
similarity index of 67.9% whereas the numerical composi-
tion of the diet of large fish from both reservoirs had a higher 
similarity index of 84.5% (Figure 2).
Considering all catfish size classes, fish prey dominated 
the diet in terms of mass, while zooplankton was, not 
surprisingly, the numerically dominant category (Figure 
3). In terms of frequency of occurrence, insects and fish 
were dominant in Kat River and Laing reservoirs, respec-
tively (Figure 3). Collectively, in terms of percentage 
mass, numbers and frequency of occurrence, the diet 
of the fish in the two reservoirs had a similarity index of 
68.1%.  
With the exception of medium-sized fish from Laing 
Reservoir, the index of diet similarity in terms of mass and 
numbers was higher between fish of similar sizes from 
different reservoirs, than between different size fish from 
the same reservoir (Figure 2).
The mean protein content of the diet of all fish was not 
significantly different (p = 0.72) between Laing (47.0% ± 
22.3) and Kat River reservoirs (45.3% ± 19.7). There was 
also no significant difference in the mean protein content 
of the diets of small fish (p = 0.05), medium fish (p = 0.44) 
and large fish (p = 0.12) between reservoirs (Figure 4).
S
IM
IL
A
R
IT
Y 
(M
as
s 
%
)
S
IM
IL
A
R
IT
Y 
(N
um
be
rs
 %
)
40
60
80
Lm Kl Ll Ks Km Ls
Lm Kl LlKsKm Ls
40
60
80
Figure 2: Similarity dendograms of the diets of small (<300 mm), 
medium (301–800 mm) and large (>801 mm) Clarias gariepinus in 
Kat River and Laing reservoirs. (Ks = Kat River Reservoir small fish, 
Km = Kat River Reservoir medium fish, Kl = Kat River Reservoir 
large fish, Ls = Laing Reservoir small fish, Lm = Laing Reservoir 
medium fish, Ll = Laing Reservoir large fish)
M
A
S
S
 (%
)
N
U
M
B
E
R
S
 (%
)
40
60
80
20
40
20
60
80
FREQUENCY (%)
(a) Kat River Reservoir
(b) Laing Reservoir
M
A
S
S
 (%
)
N
U
M
B
E
R
S
 (%
)
40
60
80
10 20 30 40 50 60 70 9080
20
40
20
60
80
Fish prey
Plant material
Insects
Zooplankton
Other
0
0
Figure 3: Per cent mass, per cent numbers and per cent frequency 
of occurrence of major prey categories in the stomachs of Clarias 
gariepinus from (a) Kat River Reservoir and (b) Laing Reservoir
30
10
40
20
50
SIZE CLASS
P
R
O
TE
IN
 (%
)
Kat River Reservoir
Laing Reservoir
Small Medium Large All
60
70
Figure 4: Per cent protein composition of the diet of small 
(<300 mm), medium (301–800 mm) and large (>801 mm) Clarias 
gariepinus in Kat River and Laing reservoirs
Potts, Hecht and Andrew154
With the exception of the small catfish from Laing 
Reservoir, fish prey contributed most of the protein to 
the diet of all size groups in both reservoirs (Table 3). 
In Laing Reservoir, small catfish obtained most of their 
animal protein from insects. However, in both reservoirs 
the contribution of insects to the protein content of the 
diets decreased with increasing fish size (Table 3). Birds 
(26.2%) and frogs (12.6%) contributed considerable 
amounts of protein to the diet of the large fish in both 
reservoirs (Table 3). 
Prey abundance
There were no significant differences in the relative 
abundance of zooplankton or zoobenthos in the two 
reservoirs (Table 4). However, seine netting showed that 
the abundance of small fish (<200 mm) in Laing Reservoir 
was about two times higher than that in Kat River 
Reservoir (Table 4). 
Age and growth
Marginal zone analysis of the utricular otoliths indicated 
that single opaque and translucent zones were deposited 
each year and therefore one opaque ring was interpreted to 
represent one year’s growth (Figure 5).
The growth of Clarias gariepinus in Laing and Kat 
River reservoirs was best described by the equations: 
lt = 1 406.7(1 – e–0.17(t+0.16)) and lt = 930.2(1 – e–0.19(t–0.28)), 
respectively (Figure 6). A comparison of the von Bertalanffy 
growth parameters using likelihood ratio methods showed 
that there was no significant difference in the Brody coeffi-
cient (k) of the fish from the two reservoirs (p = 0.82) or in 
the theoretical length at age zero (t0) (p = 0.63). However, 
the calculated asymptotic lengths (L∞) of the fish in the two 
reservoirs were significantly different (p < 0.01). Since the 
Brody coefficient represents the rate at which fish attain 
their asymptotic length, the growth rate of C. gariepinus 
in Laing Reservoir, in which fish reached a greater 
asymptotic length, was significantly faster than that in Kat 
River Reservoir. 
Discussion
Bruton (1977) suggested that the consumption of a given 
food type by sharptooth catfish reflects the abundance 
of that food in a given habitat. If that were so then the 
similarity in abundance of zooplankton and zoobenthos 
in Kat River and Laing reservoirs should theoretically be 
reflected in the diets of their fish. Similarly, the significantly 
higher abundance of fish prey in Laing Reservoir should be 
reflected in a higher frequency of occurrence of fish in the 
diet of C. gariepinus in that reservoir. However, the contri-
bution of fish to the diet of C. gariepinus was not statisti-
cally different between the two reservoirs, suggesting that it 
is a selective feeder with a distinct preference for fish prey, 
irrespective of prey relative abundance. 
The small number of medium-sized sharptooth catfish with 
food in their stomachs in Laing Reservoir clearly influenced 
the results. Since this group was an outlier, when compared 
to the diet of the fish in the other size classes in both dams, 
these eight fish are unlikely to be suitably representative 
of the medium-sized fish in Laing Reservoir. Despite this, 
the results suggest that small sharptooth catfish showed a 
distinct preference for fish prey. In both reservoirs the diet of 
all size classes combined consisted (in order of importance) 
of fish, insects, zooplankton, plant matter and sundry 
other items. The diet of large catfish was also dominated 
by fish, followed by plant matter, other vertebrates, 
zooplankton and insects. While, overall, the diet of catfish 
in the two reservoirs had a relatively high index of similarity, 
there was greater variation between large and small fish, 
caused mainly by the difference in order of preference for 
zooplankton and insects. This suggests that the diet of 
sharptooth catfish is more dependent on fish size than on 
habitat and prey availability, which supports the findings of 
Schoonbee (1969) and Bruton (1979a) who noted dietary 
differences between sharptooth catfish of different sizes. 
The growth rate of sharptooth catfish in Laing was signifi-
cantly higher than that in Kat River Reservoir. Differences 
in growth rates among populations of a species can be 
Reservoir Fish size Fish(%)
Insects
(%)
Plants
(%)
Crabs
(%)
Zooplankton
(%)
Other
(%)
Laing s 4.0 88.1 3.9 0 5.0 0
Laing m 68.3 2.0 2.9 26.8 <0.1 0
Laing l 56.5 0.03 4.5 0 <0.1 38.9
Kat River s 50.5 47.1 0.4 0 2.0 0
Kat River m 67.6 14.6 11.4 1.9 0.2 4.4
Kat River l 77.1 2.3 5.8 1.4 0.2 12.6
Table 3: The per cent contribution of various prey categories to the total protein content of the diets of small (s), medium (m) and large (l) 
Clarias gariepinus from Kat River and Laing reservoirs between October 1998 and November 2000
Kat River Reservoir n Laing Reservoir n p value
Zooplankton (g m–3) 0.951 ± 0.40 36 1.303 ± 0.81 36 0.19
Zoobenthos (no. m–2) 1022.9 ± 931.3 36 826.4 ± 949.4 36 0.59
Fish (no. m–2) 2.07 ± 1.58 110 4.21 ± 3.79 107 0.02
Table 4: Relative prey abundances in Kat River and Laing reservoirs
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attributed largely to temperature, feeding rate, the nutritional 
value of the food ingested, and food availability (Welcomme 
2001). The difference between the growth of catfish in the 
two reservoirs would almost certainly not be caused by 
differences in water temperature, since that parameter was 
not significantly different in them. 
Given that the optimal protein requirement of catfish 
is over 40% (van Weerd 1995), the mean protein content 
of the diets of catfish (Kat River Reservoir = 45%; Laing 
Reservoir = 47%) can, with relative certainty, be regarded 
as sufficient to promote optimal growth in both reservoirs. 
One of the obvious differences between the two reservoirs 
was the abundance of fish prey. While the contribution of 
fish to the two diets was equal, there was a significantly 
lower abundance of fish prey in Kat River Reservoir. The 
difference in fish prey availability between the reservoirs 
is therefore likely to be the factor accounting for the differ-
ences in growth between the two catfish populations. The 
lower abundance of fish prey in Kat River Reservoir, but 
equally important contribution to the diet in comparison to 
Laing Reservoir, suggests that sharptooth catfish in Kat 
River Reservoir would have to feed actively for longer 
periods to capture an equivalent amount of prey. Boisclair 
and Legget (1989a, b, c, d) conducted a field study to 
explain differences in growth of 12 populations of yellow 
perch, Perca flavescens. Differences between the popula-
tions could not be explained by the composition of their diet 
(Boisclair and Legget 1989b), but were attributed to activity 
costs associated with feeding, which ranged from 0–40% 
of their bioenergetic budget (Boisclair and Legget 1989d).
While this is the most likely explanation for differences in 
growth between the sharptooth catfish populations in these 
reservoirs, a biotelemetry study that monitors fish movement 
and energy expenditure would be the most appropriate 
technique to test this hypothesis. 
This study illustrated that fish is an important component 
in the diet of sharptooth catfish and that their growth may be 
directly related to the abundance of fish prey in reservoirs. 
Differences between the trophic status of waterbodies could 
therefore have an indirect effect on catfish growth. In more 
eutrophic systems the enhanced primary and zooplankton 
production enhances the food supply for small fish and so 
increases their abundance. This increase in the abundance of 
fish prey could result in a decrease in the cost associated with 
prey capture for the predator and so promote faster growth. 
Acknowledgements — We thank Greg Williams, Lucy Scott, Cally 
Fawcett and Garth Webb for assistance in the field, and Terry 
Longman for much technical support. This study was funded by a 
grant from the Eastern Cape government.
References
ALLANSON BR, HART RC, O’KEEFE JH and ROBARTS RD (1990) 
Inland waters of southern Africa: an ecological perspective. 
Monographiae Biologicae 64, 458pp
BAYNE DR, JOSHI PL, RAI AK and WILLIAMS JC (1991) Growth and 
food habits of cage-cultured bighead carp and silver carp hybrids 
in ponds of varying trophic status. Journal of Applied Aquaculture 
1: 29–50
BAYNE DR, RAI AK, JOSHI PL and WILLIAMS JC (1992) Limnological 
factors influencing growth of cage-cultured bighead carp ♀ × ♂ 
silver carp hybrids. Journal of Applied Aquaculture 1: 29–50
BOISCLAIR D and LEGGET WC (1989a) Among population variability 
in fish growth. I: influence of the quantity of food consumed. 
Canadian Journal of Fisheries and Aquatic Science 46: 
457–467
BOISCLAIR D and LEGGET WC (1989b) Among population variability 
in fish growth. II: Influence of prey type. Canadian Journal of 
Fisheries and Aquatic Science 46: 468–482
BOISCLAIR D and LEGGET WC (1989c) Among population variability 
in fish growth. III: influence of fish community. Canadian Journal 
of Fisheries and Aquatic Science 46: 1539–1550
BOISCLAIR D and LEGGET WC (1989d) The importance of activity 
in bioenergetics models applied to actively foraging fishes. 
Canadian Journal of Fisheries and Aquatic Science 46: 
1859–1867
BRAY JR and CURTIS JT (1957) An ordination of the upland forest 
communities of southern Wisconsin. Ecological Monographs 27: 
325–349
BUCKLAND ST (1984) Monte Carlo confidence intervals. Biometrics 
40: 811–817 
15
11
11
16
24
20
27
173620
19
35
N D J F M A M J J A S O
P
E
R
 C
E
N
T 
O
PA
Q
U
E
 M
A
R
G
IN
S
MONTH
90
80
70
60
50
40
20
10
30
Figure 5: Percentage of Clarias gariepinus otoliths with an opaque 
margin sampled on a monthly basis from Kat River and Laing 
reservoirs. Numbers above points indicate the number of fish examined
2 4 6 8 10 12 14
LE
N
G
TH
 (m
m
)
AGE (y)
1 200
1 000
800
600
400
200
Kat River Reservoir
n = 134
Laing Reservoir
n = 101
Figure 6: Growth of Clarias gariepinus in Kat River Reservoir 
(n = 134) and Laing Reservoir (n = 101). Dashed lines = 95% 
confidence intervals
Potts, Hecht and Andrew156
BRUTON MN (1977) The food and feeding behavior of Clarias 
gariepinus (Pisces: Clariidae) in Lake Sibaya, South Africa. PhD 
thesis, Rhodes University, South Africa 
BRUTON MN (1979a) The food and feeding behavior of Clarias 
gariepinus (Pisces: Clariidae) in Lake Sibaya, South Africa, with 
emphasis on its role as a predator of cichlids. Transactions of the 
Zoological Society of London 35: 47–114
BRUTON MN (1979b) The breeding biology and early development 
of Clarias gariepinus in Lake Sibaya, South Africa, with a 
review of breeding in species of the subgenus Clarias (Clarias). 
Transactions of the Zoological Society of London 35: 1–45
CERRATO RM (1990) Interpretable tests for growth comparisons 
using parameters in the von Bertalanffy equation. Canadian 
Journal of Fisheries and Aquatic Science 47: 1416–1426
CLARK KR (1993) Non-parametric multivariate analysis of changes 
in community structure. Australian Journal of Ecology 18: 
117–143
CLARK KR and WARWICK RM (1994) Change in marine communities: 
an approach to statistical analysis and interpretation. Plymouth 
Marine Laboratory, Plymouth, pp1–144
CLAY D (1977) Biology of the tropical catfish (Family: Clariidae) 
with special emphasis on its suitability for culture (including a 
bibliography of the Clariidae and related topics) Fisheries and 
Marine Service Commission. Manuscript Report Number 1458. 
Ministry of Supply and Services, Canada
COCHRANE KL (1985) The population dynamics and sustainable 
yield of the major fish species in Hartbeespoort Reservoir. PhD 
dissertation, University of the Witwatersrand, South Africa 
DAVIES B and DAY J (1998) Vanishing Waters, University of Cape 
Town Press, University of Cape Town, South Africa
EFRON B (1982) The jack-knife, the bootstrap and other resampling 
plans. Society for Industrial and Applied Mathematics, 
Philadelphia
HECHT T, UYS W and BRITZ P (1988) The culture of sharptooth 
catfish, Clarias gariepinus in South Africa. South African National 
Scientific Programmes Report No. 153, Foundation for Research 
Development, Pretoria 
LIU X, LI D and LI J (1994) A study on the hydrochemical 
characteristics of middle- and large-sized reservoirs in Shandang 
Province — the variations of major chemical factors and their 
usefulness for fish productivity assessment. Journal of Ocean 
University of Quindao 24: 497–504
MARSHALL BE (1978) An assessment of fish production in an African 
man-made lake (Lake McIlwaine, Rhodesia). Freshwater Biology 
8: 214–249
MERRON GS and TOMASSON T (1984) Age and growth of Labeo 
umbratus (Pisces: Cyprinidae) in Lake le Roux on the Orange 
River, South Africa. Journal of the Limnological Society of 
Southern Africa 10: 5–10
MIDGLEY DC, PITMAN WV and MIDDLETON BJ (1994) Surface water 
resources of South Africa 1990, book of maps, Volume V. WRC 
Report 298/5.2/94, Water Research Commission, Pretoria, South 
Africa 
NELDER JA and MEAD R (1965) A simplex method for function 
minimization. Computer Journal 7: 308–313 
NOBLE RG and HEMENS J (1978) Inland water ecosystems in South 
Africa — a review of research needs. South African National 
Scientific Programs Report 34. Foundation for Research 
Development, Pretoria
POTTS WM, BOOTH AJ, HECHT T and ANDREW TG (2006) Predictor 
variables for moggel (Labeo umbratus) biomass and production 
in small African reservoirs. African Journal of Aquatic Science 
31: 107–117
RICKER WE (1975) Computation and interpretation of biological 
statistics of fish populations. Fisheries Research Board of 
Canada Bulletin 191: 1–382
SCHOONBEE HJ (1969) Notes on the food habits of fish in Lake 
Baberspan, Western Transvaal, South Africa. Verhandlungen 
Internationale Vereinigung für Theoretische und Angewandte 
Limnologie 17: 689–701 
SEAMAN MT, WALMSLEY RD and ALEXANDER CJ (1981) Zooplankton 
biomass of some Transvaal impoundments and its relationship 
to trophic status. Journal of the Limnological Society of Southern 
Africa 7: 1–4
SKELTON P (2001) A complete guide to the freshwater fishes of 
southern Africa. Struik, Cape Town 
TACON AC (1990) Standard methods for the nutrition and feeding of 
farmed fish and shrimp, Argent Laboratories Press, Redmond, 
Washington
TOERIEN DF, HYMAN KL and BRUWER MJ (1975) A preliminary trophic 
status classification of South African impoundments. Water SA 
1: 15–22
TOMASSON T and ALLANSON BR (1983) Effects of hydraulic 
manipulations on fish stocks. In: Allanson BR and Jackson PBN 
(eds) Limnology and fisheries potential of Lake le Roux. South 
African National Scientific Programmes Report 77. Foundation 
for Research Development, Pretoria, pp 122–131
TREASURER J and OWEN R (1991) Food and growth of pike, Esox 
lucius, in simple fish communities of different trophic status. 
Aquatic Living Resources 4: 289–292.
VAN WEERD JH (1995) Nutrition and growth in Clarias species — a 
review. Aquatic Living Resources 8: 395–401.
WELCOMME RL (2001) Inland Fisheries: ecology and management. 
FAO, Blackwell Science Press, Oxford 
WETZEL RG and LIKENS GE (2000) Limnological analysis (3rd edn). 
Springer-Verlag, New York
WHITFIELD AK and BLABER SJ (1978) Food and feeding ecology of 
piscivorous fishes at Lake St. Lucia, Zululand. Journal of Fish 
Biology 13: 675–691.
ZAR JH (1974) Biostatistical analysis. Prentice-Hall, New Jersey 
